: Perinatally HIV exposed uninfected (PHEU) adolescents are Background an increasing sub-population, especially in high HIV epidemic settings. HIV exposure may have some lasting implications for adolescents' development, however, longer term health outcomes such as health risk behavior (HRB) are so far not well understood in this adolescent sub-population.
Introduction
A high propensity for risk taking among adolescents is extensively documented 1, 2 . In the past, most of the research on health risk behavior (HRB) among adolescents focused on the general population 3, 4 , however, emerging evidence indicates that HRB such as aggressive behavior, multiple sexual partnerships, and early sexual debut, are common among HIV affected adolescents [5] [6] [7] [8] . HRB are specific forms of behavior that are known to increase susceptibility to disease or ill health on the basis of social or epidemiological data 9 . The Centres for Disease Control and Prevention (CDC) and World Health Organization (WHO) prioritize alcohol, tobacco and drug use, unhealthy dietary habits, sexual behaviors contributing to unintended pregnancy and sexually transmitted diseases, behavior that contributes to unintentional injury or violence, poor hygiene, and inadequate physical activity as major forms of HRB 10, 11 .
For most of the studies, the "HIV affected adolescents" comprise a diverse assortment of HIV infected, HIV orphaned, perinatally HIV exposed uninfected (PHEU) and uninfected adolescents living with a HIV infected household member or caregiver 8, 12 . One shortcoming of combining HIV status groups in to one (i.e. HIV affected) is the potential variation in the magnitude and associated risk factors for HRB across HIV status subgroups. For instance, some studies have found different levels of cumulative psychosocial risk and burden of HRB between perinatally and behaviorally HIV infected adolescents, which highlights the potential challenge of consolidating research outcomes of different HIV groups 13 .
Of specific interest in this review is the burden of HRB among PHEU adolescents. This sub-population is steadily growing as a result of better access to the prevention of mother to child transmission of HIV (PMTCT) services 14 . Although numerous health indicators such as morbidity, immunity and mortality are sub-optimal among PHEU adolescents, especially during early childhood 15, 16 , presently not much is documented on PHEU adolescents' longer-term health outcomes. HRB is an example of longer-term health outcomes that warrant more research in the PHEU group, since potentially predisposing factors like the poor EF and cumulative psychosocial risk are commonly documented in this group 17, 18 . This stated, most of the time PHEU children and adolescents are not actively monitored through healthcare systems that attend to their siblings or caregivers and thus rarely screened for HRB or attended to for the various psychosocial risks they face 19 . Besides, HRB is a significant public health threat that could compromise health and other quality of life of outcomes of PHEU adolescents.
The current systematic review aims to document the burden of HRB among PHEU adolescents. Specifically, we set out to: 1) identify and summarize characteristics of studies quantifying HRB among PHEU adolescents globally; 2) summarize the major forms of HRB assessed among PHEU adolescents; 3) identify commonly documented risk factors for HRB among PHEU and 4) document the burden of HRB among this adolescent sub-population. We anticipate that the results from this study will highlight some of the relevant behavioral specific needs of PHEU adolescents and consequently inform research and intervention programs in this field.
Methods

Search strategy
This study utilized Preferred Reporting Items for Systematic reviews and Meta-Analyses (PRISMA) 20 . A comprehensive data base search in PubMed, PsycINFO and Applied Social Sciences Index & Abstracts was conducted for peer reviewed articles published from January 1980 up to 31 st August 2018. We utilized a stepwise approach to implement a database search criterion with search terms comprising of subject headings and Boolean operators in titles, abstracts, topics and keywords as follows: (HIV exposed uninfected OR HIV exposed-uninfected OR HIV exposed OR HIV affected) AND (Adolescent* OR Peer* OR Youth* OR Teen*) AND (Risk Taking OR Risk Behavior OR Risk Behaviour OR Life Style OR Health Behavior OR Health Behaviour).
The eligibility criteria of the studies was guided by the participants, intervention, comparison, outcome and study design (PICOS) criteria. Studies were eligible if: 1) they were empirical studies; 2) were conducted among adolescents aged 10-19 years who were perinatally exposed to HIV but were not infected; 3) they assessed and reported any form of HRB among the PHEU adolescents.
In this review, we considered HRB that have been considered as priority based on epidemiological and social data according to CDC and WHO for example behavior that results to injury or violence; any form of risky sexual behavior; alcohol, tobacco and drug use; unhealthy dietary habits; and inadequate physical activity 10, 11 . We excluded all studies: 1) that did not verify the perinatal HIV exposure status of the adolescent; 2) were non empirical; 3) whose participants' age range, mean or median did not fall within 10 -19 years 21 ; 4) were published in languages other than English; and iv) did not assess or document HRB of the PHEU adolescents. In order to identify other potentially eligible articles that had not been retrieved in the database search, we further searched the reference lists of identified articles and also searched in Google Scholar using the following search terms: 'perinatally HIV exposed uninfected' OR 'seroreverters' AND 'risk behavior'. Three authors (DS, PNM, MKN) independently screened the titles, abstracts and full articles for eligibility and reached consensus on the data extracted.
Data extraction
From all the eligible studies data on: the author and date of publication; country where the study was conducted; year the study was conducted; study characteristics (including sample size); participant characteristics; and forms of HRB assessed were extracted into a Microsoft Excel 2013 data sheet ( Table 1) . Details of each form of HRB and associated risk factors were then extracted into a separate Excel data sheet. The detailed summary is presented in the results section. Data extraction was independently conducted by two authors (DS and PNM) who thereafter compared their results and reached consensus 
Statistical analysis
We narratively synthesized the findings from all the eligible studies in this review. We report the various forms of HRB and furthermore, specific details in terms of percentages (prevalence), means, frequencies and dates that were used to summarize the findings and to draw interpretations of the data. We utilized a Socio-Ecological model 32 to scrutinize the underlying risk factors for HRB. This model posits that there are 5 levels of interaction which determine human behavior. These are: intrapersonal factors that comprise personal history and biological factors; interpersonal factors which involves support systems like family, and friendships, and formal or informal social networks; institutional factors such as social institutions with organizational characteristics; community factors like relationships among informal networks, organization, and institutions; and public policy factors which entails local, state and national laws or policies.
We also assessed the methodological quality of eligible studies using the Newcastle-Ottawa Quality Assessment Scale 33 . This tool is developed to assess the quality of non-randomized studies and utilizes a star rating system for which a study is judged based on three broad areas: the selection of study groups; the comparability of these groups; and the ascertainment of exposure or outcome of interest 33 . We considered a study to be of satisfactory methodological quality if six or more stars were scored out of a maximum of eight.
Results
We identified 11 eligible studies from the 2,111 retrieved citations. These studies were conducted between 2003 and 2010 (original recruitment), and they all took place in the United States of America (USA). All the 11 studies were from 2 longitudinal studies with the majority (82%) from Child and Adolescent Self-Awareness and Health Study (CASAH) and the rest from the Adolescent Master Protocol (AMP).
CASAH is a multi-centre longitudinal study of perinatally HIV infected (PHIV) infected and PHEU adolescents designed to examine differences in mental health and behavioral health outcomes. Recruitment was conducted between 2003 and 2008 for adolescents aged 9 -16 years from 4 primary and tertiary healthcare centres in New York. The first follow-up was conducted 18 months after the baseline and, when additional funding was found, re-recruitment from the original cohort was done, and 3 more follow-ups (CASAH-2) conducted each a year apart. The first phase of this second follow-up (CASAH-2) was conducted 3 years after the first follow-up 23, 24 .
AMP is an ongoing cohort study comprising PHIV infected and PHEU children and adolescents (aged 7-15 years at inception) recruited from 15 medical centres (mainly based at academic medical centres in urban settings) across USA and Puerto Rico 19 .
The sample size of the PHEU adolescents among these studies included in our review ranged from 47 to 157. More details on study characteristics are presented in Table 1 .
Risky sexual behavior
Sexual risk behavior of PHEU adolescents was documented in 7 of the 11 eligible studies (see Table 1 ). The specific forms of sexual risk behavior documented were early sexual debut 19 In one study, the sexual debut of PHEU adolescents was 12 years, and did not statistically differ from that of PHIV peers 19 . However, another study found a significantly higher age (13.4 years) of sexual debut among PHEU than that of PHIV adolescents (11.9 years) 27 . Although Benson and colleagues did not report the age of sexual onset, they noted that substance use and behavioral disorders were associated with earlier onset of sexual behavior among PHEU adolescents 31 .
Overall, prevalence of lifetime unprotected sex increased with time among PHEU adolescents and no significant differences were found across HIV groups (i.e. PHEU vs PHIV). For instance, in the CASAH cohort, occurrence of lifetime unprotected sex increased from 33% at baseline (participant mean age of 11.9 years) to 50% after 18 months (first follow-up), and to 62.5% during the second follow-up period when participants were 16.7 years old on average 24 . However, during the second follow-up, PHEU adolescents reported significantly higher occurrence of lifetime unprotected sex than their PHIV peers (62.5% compared to 48.8%) 24 . Results from a different cohort study of PHEU adolescents (AMP) reported a 50% lifetime prevalence of unprotected sex (vaginal or anal) among the sexually active PHEU adolescents (compared to 65% among PHIV) with a mean age of 12.7 years 19 .
Unlike lifetime unprotected sex, one study from CASAH cohort that reported the prevalence of recent (past 3 months) unprotected sex (both anal and vaginal sex) of PHEU at second and fourth follow-up periods found a reduction from 43.1% at follow-up 2 to 29.2% at follow-up 4 31 . Although the trend of recent unprotected sex was different for the PHIV group (a rise from 22.7% to 31.5%), the authors did not find any statistical differences in prevalence of most recent unprotected sex by HIV group 31 . A more robust measure of recent unprotected vaginal sex (combining both non-use and partial condom use) during the second follow-up period of CASAH cohort found a burden of 37% (compared to 23% if they only asked about non-use) among PHEU but didn't find a statistically significant differences across HIV groups 26 .
Multiple sexual partnership (having 2 or more sexual partners) was reported among 58.8% of sexually active PHEU adolescents and did not statistically differ from the occurrence among PHIV peers 28 .
Alcohol, tobacco and other drug use behavior
Alcohol, tobacco and other drug (ATOD) use was documented among 9 of the 11 eligible studies (see Table 1 ). ATOD use was reported in the form of substance use disorder or substance abuse 29, 31 , lifetime use of alcohol or marijuana or cigarettes 19 ,24,25,28,30 , use of marijuana or other substance use within the past year 22, 23 and recent (past 3 months) substance use 19 .
There was an increasing trend in the burden of substance use disorder over time among PHEU, for instance an increase from 10% to 18% between second and fourth follow-up of the CASAH cohort 31 . In this cohort, PHIV adolescents had a significantly higher burden of substance use disorder than PHEU (19% vs 10%) at second follow-up but there were no statistically significant differences found at fourth follow-up 31 .
Lifetime use of alcohol and marijuana was high, and increased steadily over time among PHEU. In the CASAH cohort for example alcohol use increased from 15.5% at baseline (participants' mean age was 11.9 years) 24,28,30 to 25.6% at first follow-up (18 months later), and thereafter almost doubled (48.9%) at the second follow-up period when participants were 16.7 years on average 24 . Although lesser prevalent than alcohol use, marijuana use of PHEU adolescents increased by almost four times from 7.8% at the baseline to 29.6% during the second follow-up period 24 . Overall, there were no significant differences by HIV group (i.e. PHEU and PHIV). Results from another cohort (AMP); whose participants' mean age (12.3 years) was slightly higher than the baseline mean age of CASAH participants, reported higher prevalence of lifetime use of alcohol (42%) and marijuana (19%) among PHEU adolescents 25 although we did not ascertain if there was a significant difference in prevalence of these two forms of behavior between the cohorts of the two studies.
Tobacco use behavior was reported by three studies that all documented lifetime cigarette use. Two of these originated from the baseline data of the CASAH cohort study, and reported the occurrence of this behavior as ranging between 6% and 7% among PHEU adolescent whose mean age was 11.9 years 28,30 . However, the results from the AMP cohort study reported a higher prevalence of 16% lifetime cigarette use among the PHEU adolescents who were 12.3 years on average 25 .
More recent use (past 3 months or past year) of alcohol or marijuana or cigarettes was much lower than lifetime substance use behavior among PHEU from both cohort studies. There were however general increasing trends in more recent use over time, but without statistically significant differences, across HIV groups.
The occurrence of substance use (excluding nicotine) within the past year was 6.9% at baseline, 4.6% at first follow-up and 10.1% at second follow-up among PHEU adolescents from the CASAH cohort 23 . A similar increasing trend in marijuana use by PHEU adolescents within the past year from 8.2% at baseline to 24.8% at second follow-up period of CASAH was reported 22 .
Co-occurrence of HRB Only one study from the AMP cohort explored the co-occurrence of HRB among PHEU adolescents 19 . In this study sexual, substance use and mental health behavioral risk factors were utilized to classify PHEU adolescents into behavioral categories corresponding to their engagement in 0, 1, 2 and all the 3 behavioral risk factors. The findings were that 11% of PHEU adolescents (16% for PHIV) reported engagement in 2 or more behavioral risk factors and there were no significant differences between HIV groups 19 .
Risk factors
All reported risk factors underlying sexual risk behavior and alcohol, tobacco and other drug use (ATOD) were from an intrapersonal and interpersonal level (See Table 2 ). Some of the risk factors were cross cutting among different forms of HRB. From an intrapersonal risk factor level, underlying poor emotional and conduct behavior of PHEU adolescents (for marijuana use, alcohol use and sexual risk behavior); having early age of onset or being an older PHEU (marijuana use, multiple substance use, sexual risk behavior and co-occurrence of substance use and sexual risk behavior); and HIV status (multiple substance use and sexual risk behavior) were shared risk factors. From an interpersonal risk factor level, caregiver conditions, like substance use by caregivers or close family (marijuana and alcohol use) and mental illness of caregivers (alcohol use, substance use and sexual risk behavior) were cross cutting. There were also various behavior specific risk factors especially for sexual risk behavior and these are summarized in Table 2 .
All the eligible studies were of satisfactory methodological rigor based on the New Castle-Ottawa Quality Assessment Scale 33 . All these studies received a star ranking for each field/ criteria with exception of one item under the aspect of outcome assessment since HRB is majorly self-reported.
Discussion
Findings from this review reveal a dearth of research on HRB of PHEU adolescents and this can have multifaceted implications. First, the studies emanate from one geographical context (USA), and from only two cohort studies. This potentially limits generalizability of the current evidence on HRB of PHEU to other geographic settings like sub-Saharan Africa where socio-cultural and healthcare structures are different from those in the USA. Second, the studies only document sexual risk and ATOD use behavior which leaves an evidence gap on the occurrence and underlying risk factors for other forms of HRB like violence and injury related behavior, gambling, and dietary behavior of PHEU adolescents. Nonetheless, the longitudinal design and the between group comparison (PHEU vs PHIV) of HRB outcomes in the eligible studies provides important insights on the temporal trends and group specific needs both of which are vital for public health programs.
We found that overall, the reported occurrence of risky sexual behavior such as unprotected sex among the sexually active PHEU (baseline findings) was similar to the estimated national prevalence (37-39.8%) among the general adolescent population in the USA during the period between 2003 and 2011 34 . However, it is important to note that results from this review indicate that lifetime occurrence of unprotected sex among sexually active PHEU adolescents increased rapidly during the mid-adolescence period (13-17 years) although the occurrence of more recent (past 3 months) unprotected sex reduced over follow-up period. Since early sexual debut (12-13 years) was also reported among the PHEU adolescents, it is plausible that their first sexual encounters are often riskier especially when initiated at an earlier age compared to older age. This may explain the varying trends between lifetime and recent condom use behavior. Indeed, similar to this explanation, other findings from a general population in the USA found that adolescents who reported having had sex by 14 years or less were less likely to have used a contraceptive method at first sex as compared to those that initiated sex later on 35 . However, the estimated age of first sexual debut in the USA ranges between 17.8-18.1 years which is much higher than that reported for sexually active PHEU adolescents in our review 35 .
Findings on ATOD use of PHEU showed that although their substance use is not as high as that reported in the USA general adolescent population 34, 36 , their trends of both lifetime and recent substance use especially alcohol and marijuana steeply raise and are compounded by an increasing burden of substance use disorder 29,30 across the adolescent period. Considering that more recent substance use is much less than lifetime substance use, we suggest that substance use may be recreational or irregular for many of the PHEU adolescents. However, amongst the substance users there is a minority with heighten vulnerability for problem substance use which is indicated by the 10-18% prevalence of substance use disorder among older PHEU adolescents. This finding highlights an urgent need for substance use intervention among PHEU adolescents and the need to identify (screen for) those at greater risk for substance use disorder so as to provide for more tailored intervention approaches.
Our findings also indicate that HRB clustering is a common phenomenon among PHEU as shown by the findings on co-occurrence of sexual risk and substance use among 11% of PHEU adolescents in one of the studies 19 . This noted, only one of the 11 eligible studies investigated clustering of HRB which further highlights an increasingly documented problem of isolated analysis of HRB as opposed to use of more comprehensive approaches such as cluster analysis techniques 37 .
The findings from the risk factors for sexual risk behavior and substance use of PHEU adolescents have various implications. First, there was a cross-cutting effect of certain inter-and intra-personal risk factors for both forms of HRB. This is suggestive of potential co-occurrence of HRB and further highlights the need for ecological (i.e. multi-system) and comprehensive analytical approaches in the HRB research. Second, being PHEU compounded by mental and behavioral problems was predictive of certain forms of HRB. This is important because in most settings PHEU children and adolescents are not often followed up and thus miss out on vital HIV related care and services (like counseling, routine screening and mental healthcare) because health systems tend to only focus on their infected siblings and caregivers 19 . This means that there is a missed opportunity (or a window of opportunity) for improving health outcomes of PHEU adolescents within the HIV service delivery. Third, we found that caregiver factors (like mental health and substance use, type of caretaker, parenting behavior) play an important cross-cutting role in predisposing PHEU to HRB which may indicate a need for family-based behavioral interventions in addressing HRB of adolescents. Fourth, some of the risk factors were behavior specific or intra-personal (e.g. gender and race) which highlights the need for tailored approaches in addressing HRB of PHEU adolescents.
Study strengths and weaknesses
The strengths of this review stem from the rigorous systematic approach we utilized to generate evidence on HRB and its underlying risk factors in an emerging adolescent sub-population, PHEU, whose longer-term health outcomes are not well understood. We also appraised the quality of the eligible studies which we found satisfactory. Nonetheless, the results from this review are limited by their origin from one geographical setting (USA) and that multiple studies are derived from same cohort studies. Although generalizability of the current findings is challenging, important findings from a temporal and within group comparison perspective are discussed thereby providing more explicit insight on HRB of PHEU adolescents.
Conclusion
Overall, research on HRB of PHEU is scanty, originates from a single geographic context and reports few forms of HRB majorly in isolation. A substantial evidence gap on HRB of PHEU in high HIV epidemic settings (such those in SSA) where the PHEU adolescent sub-population is steadily growing. The current evidence reveals that both substance use (especially alcohol and marijuana) and sexual risk behavior (mainly early sexual debut and inconsistent condom use) are highly prevalent among PHEU and their occurrence heightens especially during mid-adolescence. These forms of HRB tend to co-occur among a minority, and many of their underlying inter-and intra-personal risk factors are cross-cutting. There is need for similar research in settings like SSA, and more comprehensive assessment of behavioral outcomes (i.e. more forms and co-occurrence of HRB). The findings also accentuate the need for monitoring health outcomes of PHEU children and adolescents; who in most of the circumstances miss out on opportunities from healthcare systems that prioritize only the immediate needs of their HIV infected siblings and caregivers.
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